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OXYGEN ENRICHMENT OF CEMENT KILN 
SYSTEM COMBUSTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally pertains to the ?eld of Portland 
cement manufacturing and, more particularly, to the com 
bustion process in Portland cement manufacturing. 

2. Description of Related Art 
The Portland cement manufacturing process has, in its 

most general form, long been established. As shoWn in FIG. 
1, a raW feed material 12 is fed into a cement kiln system 10 
Wherein it is heated until it calcines and transforms into a 
material 13 knoWn as “cement clinker” or “clinker.” More 
particularly, the raW feed material 12 is fed into the cyclone 
preheater 14. The preheater 14 heats the raW feed 12 to a 
temperature ready for calcination and then passes the pre 
heated feed 12 to the precalciner 16. The precalcined feed 12 
then enters the rotary kiln 18 Wherein it is transformed into 
the clinker 13 that is deposited in is clinker cooler 20. 

The calcination reaction in the precalciner 16 takes place 
at a relatively narroW temperature range of about 1500 to 
1600° F. The heat for calcination is provided by the ?ame 
less combustion of fuel injected at point 17 of the precalciner 
16 and the preheated feed 12 can reach over 90% calcination 
before entering the rotary kiln 18. The residual carbonate is 
calcined in the rotary kiln 18, Where the temperature of the 
calcined feed 12 is raised to a clinkering temperature of 
about 2650° F. by ?ring a mixture of fuel and air by kiln 
burner 22. At the clinkering temperature, approximately 
25% of the hot meal is lique?ed and, to reach the clinkering 
temperature, a ?ame temperature of over 3500° F. is 
required. 

The tumbling action of the rotary kiln forms the partially 
lique?ed feed into clinker nodules 13 that drop into the 
clinker cooler 20, Where they cool and are taken for pul 
veriZation. The air in the clinker cooler 20 cools the clinker 
13 by absorbing heat therefrom and the air is thereby heated. 
This heated air is recycled into the rotary kiln 18 as 
“secondary air” to support the combustion therein and into 
the precalciner 16 via a tertiary air duct 21 as “tertiary air.” 

In the late 1950’s and 1960’s, prior to the development of 
the precalciner, the industry began experimenting With oxy 
gen enrichment of kiln combustion as a potential re?nement. 

Martin J. La Velle, in 1959, suggested such in “Oxygen 
Enrichment of Primary Air Can Improve Kiln Production,” 
published in the journal Rock Products, but no practical 
application is knoWn. Oxygen enrichment of secondary air 
has been practiced on several occasions. A report by Robert 
A. Gaydos, entitled “Oxygen Enrichment of Combustion Air 
in Rotary Kiln,” published by the Portland Cement 
Association, indicated that oxygen enrichment could 
improve kiln production. 

One common method of oxygen enrichment for a rotary 
kiln is to place an oxygen lance in betWeen kiln burner 22 
and the feed 12 in the rotary kiln 18. Oxygen is injected 
through the lance of the burner 22 at a certain tip velocity. 
Since the underside of the ?ame is in contact With pure 
oxygen Will exhibit high ?ame temperature, the oxygen 
lance is placed so that excessive ?ame temperature Will not 
impact refractory and kiln coating. The draWbacks of this 
practice are many: (1) oxygen lance is subject to high 
temperature, (2) proper direction and velocity of oxygen jet 
is critical, (3) high ?ame temperature promotes increased 

10 

15 

25 

35 

45 

55 

65 

2 
NOx formation, and (4) high ?ame temperature may 
adversely impact refractory life. 
The precalciner 16 also contains a ?ring point, Which 

?ring point can be equipped With multiple burners. The 
preheated feed 12 entering the precalciner 16 is suspended 
and calcined in the vessel thereof. The fuel injected at point 
17 supplies the heat necessary to dissociate carbon dioxide 
from limestone in the feed 12. The combustion air is 
primarily supplied as tertiary air from the clinker cooler 20 
through the tertiary air duct 21. Due to the large amount of 
limestone poWder present, the feed 12 undergoes an endot 
hermic reaction in the precalciner vessel and the combustion 
is ?ameless. Oxygen enrichment in the precalciner has a 
reduced risk to refractory life or to increased NOx formation, 
mainly due to the loW temperature combustion. 

HoWever, a major deterrent to oxygen enrichment in 
cement kiln systems has alWays been the cost of oxygen. 
Some reports have also indicated technical concerns arising 
from oxygen enrichment in the kiln, such as refractory life, 
burning Zone shift and coating stability. Thus, despite the 
optimistic tenor of some experiment reports and even though 
it is commonly used in lime kilns, oxygen enrichment in 
cement kiln systems never became a common practice 
because of a variety of technological and economic consid 
erations. 

By contrast, so far as is knoWn, nobody has attempted 
oxygen enrichment of combustion in the precalciner. One 
authority in the ?eld, Kurt E. Peray in The Rotary Kiln (2nd 
ed. 1985), has suggested this speci?cally for precalciners 
Without tertiary air ducts or for “air through” systems in 
order to reduce the excess air draWn through the kiln, but 
admits not knoWing of any previous attempts and makes no 
mention of oxygen enrichment in systems using a tertiary air 
duct. Further, Peray admits that “[t]his idea Would require 
research before deciding Whether or not it could be feasibly 
implemented.” Id., at p. 75. HoWever, after approximately 
12 years, nobody in the industry has reported such an 
experiment and certainly there are no knoWn successful 
attempts. 

Thus, it is desirable to develop a cement manufacturing 
process With higher productivity than is otherWise available 
from existing pyroprocessing equipment. It Would also be 
desirable to avoid the disadvantages of traditional introduc 
tion of oxygen to the kiln burner. 

SUMMARY OF THE INVENTION 

The invention in its various embodiments includes a 
method and an apparatus for improving combustion in a 
cement kiln system. The method in one embodiment com 
prises enriching the tertiary air stream to the precalciner of 
a cement kiln system With oxygen. The apparatus in one 
embodiment comprises a precalciner and an oxygen source 
coupled to the precalciner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more particular description of the invention brie?y 
summariZed above is set forth beloW by Way of particular 
embodiments disclosed in the draWings of this speci?cation 
and as described in connection thereWith. The draWings 
nevertheless illustrate only typical, particular embodiments 
of the invention and are not to be considered limiting thereon 
as the invention may admit to other equally effective 
embodiments. In the draWings: 

FIG. 1 schematically illustrates a conventional cement 
manufacturing kiln system having a precalciner such as is 
knoWn in the prior art; 
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FIG. 2 schematically illustrates a cement manufacturing 
kiln system constructed in accordance With the invention, 
and illustrating several alternative embodiments for inter 
facing an oxygen source to the kiln; 

FIG. 3 details an oxygen supply apparatus generally 
illustrated in FIG. 2; and 

FIGS. 4A—4C detail three alternative embodiments to 
interface a source of oxygen for the kiln in FIG. 2. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

Numerous speci?c details are set forth beloW in the 
detailed description of particular embodiments to provide a 
thorough understanding of the present invention. HoWever, 
one of ordinary skill in the art having the bene?t of this 
disclosure Will understand that the present invention may be 
practiced Without many of the details presented since such 
details Will be necessary or useful depending on the par 
ticular embodiment being employed. Conversely, in other 
instances, Well knoWn details have not been described for 
the sake of clarity so as not to obscure the invention. It Will 
be appreciated that supplying such details Would be a routine 
undertaking for those of ordinary skill in the art, even if a 
complex and time-consuming task, given the bene?t of this 
disclosure. 

FIG. 2 illustrates a cement manufacturing kiln system 50 
constructed in accordance With one embodiment of the 
invention. The kiln system 50 generally comprises a cyclone 
preheater 52, a precalciner 54 equipped With a tertiary air 
duct 55 and coupled to the preheater 52, a rotary kiln 56 
coupled to the precalciner 54, and a clinker cooler 58 
coupled to the rotary kiln 56. The preheater 52 of the 
embodiment illustrated in FIG. 2 is a four-stage preheater, 
but other embodiments may employ, for instance, a single 
stage preheater. The precalciner 54 partially calcines the 
preheated feed material 12. As used herein, the term “pre 
calcination” shall refer to that portion of the calcination 
process occurring prior to the feed material entering the 
rotary kiln 56 and the term “precalcined feed material” shall 
refer to the feed material partially calcined before it enters 
the rotary kiln 56. As is knoWn in the art, the main burner 62 
provides heat in the rotary kiln 56 to produce the clinker 64. 
The combustion air required to completely combust the fuel 
17 comes in the form of primary air 11 and secondary air 9. 
As shoWn in FIG. 2 and in accordance With the invention, 

oxygen enrichment of combustion in the precalciner can be 
accomplished in at least three locations. Oxygen can be 
introduced from oxygen source 60: 

(a) at the tertiary air take-off 66 near the kiln burner 
platform (not shoWn), Which is conveniently situated 
for operator supervision and Where tertiary air duct 55 
provides suf?cient retention time for mixing; 

(b) into the clinker cooler 58 at the second part of the 
recuperating Zone 68 via proper air ducts 70 of the 
clinker cooler bloWers, Whereupon the oxygen from the 
source 60 may be preheated to improve the thermal 
ef?ciency; and 

(c) at a point 72 proximate the precalciner burner(s). 
Oxygen source 60 provides gaseous oxygen from a cryo 
genic source, from a vacuum sWing adsorption installation, 
or from any other oxygen production system as may be 
suitable depending on the quantity of usage, duration of 
usage and other economy considerations. 

Note that oxygen source 60 provides a gas having an 
oxygen content greater than that of the ambient atmosphere. 
Thus, for example, clinker cooler 20 of the cement kiln 
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4 
system 10 of FIG. 1 is not an “oxygen source” as that term 
is used herein. HoWever, sources providing a gas at 90% 
oxygen content or greater are preferred although concentra 
tions even as loW as 50% may be highly desirable in some 
embodiments. 

FIG. 3 details the oxygen apparatus 74 by Which oxygen 
source 60 interfaces With the kiln system 50. The oxygen 
supply apparatus 74 is a valve train comprising a block valve 
76, a pressure regulator 78, a How measuring device 80 With 
an indicator and a controller, a How control valve 82, and a 
safety shut off valve 84, all as are knoWn to those in the art. 
The same valve train comprising the embodiment of FIG. 3 
may be used for each of the embodiments disclosed herein 
but the invention is not so limited. Other valve trains as may 
be suitable for this purpose may be employed instead. 

FIG. 4A details the interface betWeen oxygen source 60 
and kiln system 50 in the embodiment Wherein oxygen is 
introduced at the tertiary air take-off 66. Gaseous oxygen 
?oWs from oxygen source 60 through oxygen supply appa 
ratus 74, to oxygen noZZle 86 through Which it is introduced 
into tertiary air duct 55 and tertiary air take-off 66. The 
noZZle siZe of oxygen noZZle 86 is determined by the oxygen 
pressure and How rate in a manner that Will be apparent to 
those versed in the art having the bene?t of this disclosure. 
In one particular embodiment, oxygen noZZle 86 is a lance 
such as is used for oxygen enrichment in a lime kiln. 

FIG. 4B details the interface betWeen oxygen source 60 
and kiln system 50 in the embodiment Wherein oxygen is 
introduced into the clinker cooler 58 at the second part of the 
recuperating Zone 68 via proper air duct(s) 70 of the clinker 
cooler bloWers (shoWn in FIG. 2). Oxygen noZZle 86 in this 
embodiment is connected to the discharge duct 70 of a 
cooler fan 88. As shoWn in FIG. 2, this embodiment may be 
deployed using multiple clinker cooler bloWers. Due to a 
usually short duct run, the oxygen noZZle 86 can be perfo 
rated to facilitate mixing in this embodiment. A suitable 
cooler fan duct shall be selected for the oxygen injection so 
that the added oxygen is not Wasted through the cooler vent 
(shoWn in FIG. 2) on one end and only a minimal amount of 
oxygen is directed into secondary air. 

FIG. 4C details the interface betWeen oxygen source 60 
and kiln system 50 When oxygen is introduced at a point 72 
proximate the precalciner burner 90. Because of the close 
proximity betWeen the oxygen introduction and the 
precalciner, oxygen is introduced in this particular embodi 
ment into a chamber 75 to mix With air therein before the 
introduction. There is no need for a chamber such as the 
chamber 75 in the embodiments of FIGS. 4A and 4B 
because the distance the oxygen and tertiary air must travel 
through the tertiary air duct 55 to reach the precalciner 54 
provides ample opportunity for the oxygen and air to mix. 

Returning noW to FIG. 2, the operation of kiln system 50 
is the same as for conventional kilns such as that illustrated 
in FIG. 1 With the exception for oxygen enrichment as noted 
immediately beloW. The commencement of oxygen enrich 
ment begins once the pyrosystem stabiliZes under normal 
operations. The oxygen introduction may be broken into 
several parts. At each part of the process, the fuel to the 
precalciner 54 is adjusted to maintain a desired excess 
oxygen level in the precalciner 54. Kiln feed can be added 
to maintain proper temperature in a manner Well knoWn to 
the art. Limitations of the system should be closely 
observed, such as cooler vent capacity, kiln feed capacity, 
fuel limitation, clinker temperature and other temperature 
limitations. In one particular embodiment employing a 
single stage precalciner kiln, yields of 3.5 tons of clinker per 
ton of oxygen Was obtained using oxygen rates as high as 
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25 % of stochiometric requirement to combust the fuel in the 
precalciner 54. 

Oxygen enrichment in accord With the invention as set 
forth above increases heat input for a given combustion gas 
?oW, though in some con?gurations oxygen at ambient 
temperatures is substituted for preheated tertiary air. Thus, it 
can be seen that the present invention possesses numerous 
desirable characteristics. First, precalciner combustion is 
loW temperature and ?ameless so that risk of damage to 
refractories is reduced and increases in thermal NOx are 
avoided and do not arti?cially limit the addition rate of the 
oxygen. Second, injection is simple. Adding oxygen to a 
tertiary duct close to the clinker cooler take-off ensures 
adequate mixing before entering the precalciner vessel. (In 
contrast, oxygen enrichment of the main kiln burner requires 
optimal lance position and injection velocity to assure 
satisfactory ?ame conditions.) Third, the oxygen enrichment 
can be used selectively on an as-needed basis to increase 
production capacity. Lastly, oxygen enrichment as disclosed 
above is typically a cost effective alternative to conventional 
high capital cost equipment modi?cations and can be imple 
mented faster than equipment modi?cations. 

The particular embodiments disclosed above are illustra 
tive only as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. 
Furthermore, no limitations are intended to the details of 
construction or design herein shoWn, other than as described 
in the claims beloW. It is therefore evident that the particular 
embodiments disclosed above may be altered or modi?ed 
and all such variations are considered Within the scope and 
spirit of the invention. Accordingly, the protection sought 
herein is as set forth in the claims beloW. 
What is claimed is: 
1. A method for producing cement clinker in a rotary 

cement kiln system having a precalciner comprising a fueled 
burner and receiving a tertiary air stream, Wherein the 
improvement comprises enriching the tertiary air stream 
With oxygen. 

2. The method of claim 1, Wherein the tertiary air stream 
is draWn from an air source. 

3. The method of claim 2, Wherein the tertiary air stream 
is draWn from a clinker cooler coupled to the kiln and said 
tertiary air stream is enriched at the point Where the tertiary 
air stream is draWn from the clinker cooler. 

4. The method of claim 2, Wherein the tertiary air stream 
is enriched by introducing the oxygen through the air source. 

5. The method of claim 2, Wherein oxygen comprises 
approximately 25% of the stoichiometric requirement to 
combust the precalciner fuel. 

6. The method of claim 2, Wherein oxygen comprises less 
than about 25% of the stoichiometric requirement to com 
bust the precalciner fuel. 

7. The method of claim 1, Wherein oxygen comprises 
approximately 25% of the stoichiometric requirement to 
combust the precalciner fuel. 

8. The method of claim 1, Wherein oxygen comprises less 
than about 25% of the stoichiometric requirement to com 
bust the precalciner fuel. 

9. The method of claim 1, Wherein enriching the tertiary 
air stream includes receiving oxygen from an oxygen 
source. 

10. The method of claim 9, Wherein receiving oxygen 
from the oxygen source includes receiving air from at least 
one of a source of cryogenic oxygen and a vacuum sWing 
adsorption installation. 
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11. The method of claim 1, Wherein the tertiary air stream 

is enriched at a point proximate the precalciner. 
12. Amethod for manufacturing cement clinker in a rotary 

kiln, comprising the steps of: 

preheating a feed material; 
precalcining the preheated feed material in a precalciner 

having a fueled burner; 
supplying tertiary air to the precalciner; 
enriching the tertiary air With oxygen; and 
converting the precalcined feed material into clinker in 

the kiln. 
13. The method of claim 12, Wherein the tertiary air is 

draWn from an air source. 

14. The method of claim 13, Wherein said clinker is 
cooled in a clinker cooler, the tertiary air is draWn from the 
clinker cooler, and the tertiary air is enriched at the point 
Where the tertiary air is draWn from the clinker cooler. 

15. The method of claim 13, Wherein the tertiary air is 
enriched by introducing the oxygen through the air source. 

16. The method of claim 13, Wherein oxygen comprises 
approximately 25% of the stoichiometric requirement to 
combust the precalciner fuel. 

17. The method of claim 13, Wherein oxygen comprises 
less than about 25% of the stoichiometric requirement to 
combust the precalciner fuel. 

18. The method of claim 12, Wherein oxygen comprises 
approximately 25% of the stoichiometric requirement to 
combust the precalciner fuel. 

19. The method of claim 12, Wherein oxygen comprises 
less than about 25% of the stoichiometric requirement to 
combust the precalciner fuel. 

20. The method of claim 12, Wherein enriching the tertiary 
air includes receiving oxygen from an oxygen source. 

21. The method of claim 20, Wherein receiving oxygen 
from an oxygen source includes receiving air from at least 
one of a source of cryogenic oxygen and a vacuum sWing 
adsorption installation. 

22. The method of claim 12, Wherein said precalciner 
comprises a burner and the tertiary air is enriched at a point 
proximate the precalciner burner. 

23. A method for producing cement clinker in a cement 
kiln system including a rotary kiln and a precalciner having 
a fueled burner, comprising the steps of: 

preheating a feed material; 
precalcining the preheated feed material With oxygen 

enriched tertiary air in a precalciner having a fueled 
burner, including: 
draWing tertiary air from an air source including a 

clinker cooler; 
receiving oxygen from an oxygen source including at 

least one of a source of cryogenic oxygen and a 
vacuum sWing adsorption installation; 

mixing the oxygen With the tertiary air such that the 
oxygen Will comprise up to about 25% of the sto 
ichiometric requirement to combust the precalciner 
fuel; and 

introducing the oxygen enriched tertiary air into the 
precalciner; and 

converting the precalcined feed material into clinker in 
the kiln. 


